T WO YEARS field experiment were carried out at Demo experimental farm, Faculty of Agriculture, Fayoum University, Egypt in 2015/16 and 2016/17 seasons to examine the effect of nitrogen sources as soil application on straw and seed yields as well as seed quality of flax. A split-plot arrangement with three replications was used. Three cultivars of flax i.e., Sakha-1, Sakha-2 and Giza-9 occupied the main plots. While, N-sources, i.e., ammonium nitrate (23.5 %), urea (46.5%) and ammonium sulfate (20.6%) distributed in the sub-plot. The obtained results clarified that Sakha-1 gave the highest straw yield and its attributes mean values i.e., plant height, technical stem length and straw yield plant -1 . While, Sakha-2 gave the highest mean values for number of branches plant -1 and stem diameter. In addition, Sakha-2 cultivar was exceeded the other two cultivars with regard to seed yield and related traits i.e., fruiting zone length, no. of fruiting branches plant -1 , No. of capsules plant -1 , 1000-seed weight and seed and oil yield fed -1 . Ammonium nitrate followed by ammonium sulfate as N-sources gave the highest straw and seed yields and its related traits when compared with urea. Thus, the recommendations of this study are cultivating Sakha-2 variety and fertilized by ammonium nitrate as N-sources.
Introduction
Flax, Linum usitatissimum L., is one of the oldest agricultural crops in Egypt since the Pharaonic era (Conforti & Cachaper, 2009 ). The flax is a dual purposes crop where it is grown for oil and fiber as well as many medical and industrial uses for more than 8,000 years (Karg, 2011) . The percentage of oil in flax seeds ranged from 36 to 48% (Millis, 2002) and the protein ranged % 20 to 30% (Hall et al., 2006) . For these multiple uses, there are many varieties and genotypes suitable for many regions and weather conditions in many countries all over the world. Significant differences among flax genotypes were found concerning yields of straw, seed and seed quality under various conditions were found by Sharief et al. (2005) , Abou-Zaied & Mousa (2007), Kandil et al. (2008) , Bakry (2009) , El-Azzouni & Zedan (2009), Khalifa et al. (2011) , Bakry et al. (2012) , Homayouni et al. (2013) , Afifi et al. (2014) , Gallardo et al. (2014) , Bakry et al. (2015) , Elayan et al. (2015) , El-Seidy et al. (2015) El-Shafey & Hassan (2016), El-Borhamy (2016), Nawar et al. (2017) and Sadi et al. (2017) .
Under semi-arid conditions and shortage of water supply, appropriate genetic material should be tested for these harsh conditions and appropriate treatments should be used to obtain the highest unit area productivity. The most important of these treatments was enough and good fertilization from different sources. Nitrogen fertilizer is an important element of the plant and there are many sources of nitrogen fertilizers, which differ in their characteristics such as rates of solubility, volatilization and absorption by plants. In canola, Santos et al. (2012) mentioned that the highest average values obtained by applying urea. In clay soil, El-Shazly et al. (2014) found that ureaformaldehyde as a nitrogen source exceeded other N sources, while the differences between ammonium sulfate and ammonium nitrate were insignificant on sugar beet characters. In the same soil condition, Soethe et al. (2013) found that urea significantly exceeded ammonium sulfate on number of branches plant -1 , dry weight plant -1 , seed index and seed yield ha -1 . Grant et al. (2016) tested N fertilizers of urea and urea ammonium nitrate (UAN), as well as ammonium nitrate (AN) on flax and they reported that seed yield was higher with AN than urea. In loamy sand, Zaki et al. (2018) investigate four forms of nitrogen (olive pomace 1.54% N, ammonium nitrate 33.5% N, ammonium sulfate 20.6% N and urea 46.5% N) on sugar beet, and they mentioned that ammonium nitrate and ammonium sulfate surpassed urea for most studied traits.
Thus the goal of the present study was to test the cultivars performance of flax yield and seed quality under different N sources on dry conditions.
Materials and Methods
Two years field experiment were conducted during 2015/16 and 2016/17 seasons at the Demo Experimental Farm of the Faculty of Agriculture, Fayoum University, Southeast Fayoum (29º 17'N; 30º 53'E), Egypt to study the of nitrogen fertilizer sources on some flax cultivars. Each experiment includes 9 treatments which were the combinations of 3 flax cultivars and 3 nitrogen fertilizer sources. The split-plot arrangement in (RCBD) with three replications was applied. The main plots were occupied by the flax cultivars (Sakha-1, Sakha-2 and Giza-9), whereas the three nitrogen fertilizer sources (ammonium nitrate (NH 4 NO 3 ) 33.5%, urea (CH 4 N 2 O) 46.5% and ammonium sulfate ((NH4) 2 SO 4 ) 20.6% were randomly distributed in the sub-plots. The sub-plot comprised 6m 2 (1/700feddan, one feddan= 4200 m 2 ) with 3m long and 2m wide. Healthy seeds of three flax (Linum usitatissimum L.) cultivars were broadcasting on 7 and 10 November in the 1 st and 2 nd seasons, respectively. Flax varieties were obtained from the Field Crop Research Institute, Agricultural Research Centre, Giza, Egypt and were sown at the equivalent of 70kg fed -1 to achieve the recommended planting density. The preceding crop was maize in both seasons.
The experimental site was cultivated under conventional tillage. Calcium supper-phosphate (15.5% P 2 O 5 ) at the rate of 150kg fed -1 was added during tillage and before ridging. Nitrogen was applied equally in two doses at the rate of 75kg fed -1 (according to previous treatments for all nitrogen sources) before the second and third irrigation. All other recommended agricultural practices in a newly-reclaimed soil for flax production were adopted throughout the growing seasons according to the bulletin of Egyptian Ministry of Agriculture (1086/2007). Soil physical and chemical properties of the experimental site were presented in Table 1 . Analytical procedures were those recommended by Wilde et al. (1985) .
Measurements of flax yields
At maturity, ten singular plants were randomly taken from each experimental plot to register the following traits: The plants grown on the middle of each subplot were used to determine the following traits:
• 1000-seed weight (g), straw yield fed -1 (ton) and seed yield fed -1 (kg). • Oil yield fed -1 (kg) was calculated by multiplying seed yield by seed oil %. • Seed quality (seed oil %, Fe, Mn and Zn (mg 100 g -1 ).
Seed oil % was determined by Soxhlet extraction device using solvent of petroleum ether and then the seed oil % was determined on dry weight basis according to A.O.A.C (1990) . To estimate the micronutrients (i.e., iron= Fe, manganese= Mn and zinc= Zn) contents, flax seeds were dried and grounded to powdered form. The contents of micronutrients were assessed by an Atomic Absorption Spectrophotometer device (Perkin Elmer, Model-3300) as explained by Chapman & Pratt (1961) method.
Statistical analysis
The analysis of variance (ANOVA) technique for the split-plot arrangement was used to statistically analyzed all data as published by Gomez & Gomez (1984) , using the GenSt at 12 th edition software . LSD test was applied to test the treatment means differences at 5 and 1% level of probability. 
Results and Discussion
Straw yield and related traits Effect of flax cultivars Data in Table 2 showed that straw yield and its attributes (i.e., plant height, technical length, stem diameter, number of branches plant -1 and strawyield plant -1 ) were affected significantly by varietal differences in both season. Sakha-1 surpassed Giza-9 in plant height, technical stem length, stem diameter, number of branches plant -1 , straw yield per plant and per feddan in both seasons. Range of increment was 19. 36, 22.98, 9.43, 11.46, 40.29 and 32 .78 % in the first season and 15. 76, 19.11, 17.93, 8.02, 47.47 and 33.19% , in the second one, respectively. On the other hand, Sakha-2 gave significantly the higher stem diameter and number of branches plant -1 in both seasons. Elayan et al. (2015) come to the same results, when found that Sakh-1 surpassed Sakh-2 concerning plant height, technical stem length, straw yield per plant and per feddan. In addition, Afifi et al. (2014) reported that Sahk-1 significantly exceeded Giza-8 in plant height and straw yield fed -1 . On the other hand, Giza-9 gave significantly the lowest mean values than other cultivars for previous traits in the two seasons. In conclusion, the data clearly indicated that Sakha-1 surpassed the other two cultivars in respect of straw yield and its components, while Giza-9 recorded the lowest values of straw yield fed -1 as well as straw yield components. Varietal differences were observed by many researchers among them Sharief et al. (2005) Table 2 clarified that nitrogen fertilizer sources have significant effect on straw yield and its traits in both seasons of experimentation. Such effect may by attribute to the increase in number of internodes and/or internode length since nitrogen increase the meristematic activity of plant. N fertilizer in the form of ammonium nitrate (AN) gave the highest values followed by ammonium sulfate (AS). Urea as N fertilizer source gave significantly the lowest straw yield and its attributes mean values in the two seasons. AN surpassed Urea for plant height, technical stem length, stem diameter, number of branches plant -1 , straw yield plant -1 and straw yield fed -1 by 10. 84, 13.63, 29.33, 52.66, 29.11 and 35.27% in the first season and by 11. 06, 15.96, 24.48, 49.10, 44.22 and 27.5% in the second one. The increase in flax straw yield and its attributes due to AN followed by AS form might be attributed to its increased the availability of nutrients and efficiency improved uptake, thus increased growth rate resulted in raising plant height and straw yield plant -1 which led to increasing straw yield fed -1 , also the increase in straw yield might be attributed to the main role of N in stimulating and raising plant growth and productivity, therefore increased straw yield. Under different soil type conditions, the same trend was found by Soethe et al. (2013) and Grant et al. (2016) Figure 1 illustrated that a significant effect due to the interaction between flax cultivars and nitrogen sources for stem diameter in the 1 st growing season and straw yield plant -1 and straw yield fed -1 in the 2 nd one was found. It is clearly observed that the highest values for most studied characteristics of straw yield and its components were obtained from Sakha-1 fertilized by ammonium nitrate or ammonium sulfate. 
Effect of nitrogen sources Data in
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Seed yield and related traits Effect of flax cultivars
Seed yield and its attributes of flax cultivars as affected by N sources and their interaction are given in Table 3 . The differences among cultivars were significant for No. of fruiting branches plant -1 , No. of capsules plant -1 , 1000-seed weight (g) and seed yield plant -1 (g) in the first seasons and yields of seed and oil (kg fed -1 ) in the second one. Sakh-2 gave significantly the highest values of number of fruiting branches plant -1 (8.64 and 8.58) number of capsules plant -1 (22.86 and 21.00), 1000-seed weight (9.27 and 9.16g), seed yield plant -1 (1.70 and 1.84g), seed yield (729.60 and 705.07kg fed -1 ) oil yield (295.09 and 283.94kg fed -1 ) in the 1 st and 2 nd seasons, respectively. These results are go on line with those obtained by Afifi et al. (2014) who mentioned that Sahk-1 significantly exceeded Giza-8 in number of capsules plant -1 and seed yield plant -1 , also Elayan et al. (2015) stated that Sakh-1 significantly surpassed the other two varieties in seed yield and its attributes over the two seasons. More than one investigator obtained the same conclusion among them Sharief et al. 
Effect of nitrogen sources
In both seasons, the differences in seed yield and its attributes due to nitrogen sources were significant (Table 3) . Comparison among nitrogen source means according to LSD test in both seasons indicated that applied ammonium nitrate as N source significantly exceeded the other two N forms in all seed yield traits which in par with the form of ammonium sulfate in some traits. The observed increase in the case of ammonium nitrate application possibly because it is one of the best nitrogen fertilizers that resulted in an increase nitrogen uptake that is essential for building up protoplasm and proteins which induce cell division and initiate meristematic activity. This effect resulted in an increase in cell number and cell size with an overall increase in leaf production. It can be noticed that the lowest mean values for all studied traits were obtained by N sources of urea. These results are go in line with those obtained by Soethe et al. (2013) and Grant et al. (2016) 
Effect of the interaction
The interaction of flax cultivars and nitrogen sources on seed yield and related traits was significant on number of fruiting branches plant -1 , in the two seasons and seed yield plant -1 and seed yield fed -1 as well as oil yield fed -1 only in the first one ( Fig. 2 A, B) . According to LSD test nitrogen application at the form of ammonium nitrate gave significantly the highest values under all flax cultivars. 
Seed quality Effect of flax cultivars
The influences of cultivars, nitrogen sources and their interaction on seed quality in 2015/2016 and 2016/2017 seasons are given in Table 4 . There were significant differences among flax cultivars in regard to seed content of Mn mg 100 g -1 in the first season and Fe mg 100g -1 in the second season. Furthermore, the same trend was observed in both seasons for seed content of Zn mg 100g -1 and oil %. LSD test indicated that Sakh-2 gave significantly the highest trait means of Mn (5.45 and 4.86mg 100g -1 ), Fe (11.09 and 11.60mg 100g -1 ), Zn (11.92 and 9.38) (2016) and Sadi et al. (2017) .
Effect of nitrogen sources
In Table 4 it is worthy to note that nitrogen sources had a significant effect on seed content of Mn, Fe and Zn (mg 100 g -1 ) as well as oil % except seed Zn content in the 1 st season, this effect was not significant. Comparison between averages of seed chemical composition as affected by nitrogen scourers reflected one trend in both seasons. Results illustrated that ammonium nitrate resulted in a statistically increase in seed quality when compared with urea. LSD test indicate that the application of urea was significantly lower in seed quality traits than other two N forms which significantly vary from each other with few exceptions. The present findings are in conformance with those of Khan et al. (2010) and Afifi et al. (2014) .
Effect of the interaction
The analysis of variance clarified that there was a significant interaction between both factors under study on seed Mn content in both seasons and seed Fe content only in the first one (Fig. 3) . The highest mean values were obtained when Sakh-2 fertilized by ammonium nitrate in both seasons. Similar trend was described by Soethe et al. (2013) and Grant et al. (2016) .
Yield analysis
Correlation analysis among flax straw yield traits Table 5 shows the simple correlation coefficients between straw yield and related traits in the two seasons. In general, straw yield ton fed -1 positively correlated with plant height, technical stem length, stem diameter and straw yield plant -1 in both seasons, while this trend was not significant with number of branches plant -1 . These findings are in concordance with those obtained by Tadesse et al. (2009) , Kumar & Paul (2016) and Kumar et al. (2018) . Data presented in Table  6 clarified that, there are two traits i.e., technical stem length and stem diameter in 2015/2016 season and straw yield plant -1 in 2016/2017 season, were significantly (P≤ 0.001) contributed to variation in straw yield fed -1 . It also noticed that 65.90% of the total straw yield -1 variations could be linearly related technical stem length and stem diameter in 2015/2016 season and 38.90% straw yield plant -1 in 2016/2017 season. Fig. 2 (A, B) . Effect of the interaction between flax genotypes and nitrogen sources on seed yield and its components. 
Correlation analysis among flax seed yield traits
The simple correlation coefficients between seed yield and related traits in 2015/2016 and 2016/2017 seasons are given in Table 7 . In both seasons, it is clearly evident that seed yield kg fed -1 positively correlated with number of fruiting branches plant -1 fruiting zone length, number of capsules plant -1 , 1000 seed weight, seed yield plant -1 , Mn mg 100g -1 , Fe mg 100g -1 , Zn mg 100g -1 , oil % and oil yield kg fed -1 . These findings are in concordance with those obtained by Tadesse et al. (2009) , Kumar & Paul (2016) and Kumar et al. (2018) . Data illustrated in Table  8 clarified that, there are two traits i.e., seed yield plant -1 and number of capsules plant -1 in the first season and Zn mg 100g -1 in the second one, were significantly (P≤ 0.001) contributed to variation in seed yield fed -1 . Data revealed that 59.70% of the total seed yield -1 variations could be linearly related seed yield plant -1 and number of capsules plant -1 in 1 st season and 63.00% Zn mg 100g -1 in 2 nd season. 
Conclusion
The present investigation was carried out to study the effect of N-sources on three flax cultivars straw and seed yield as well as seed quality. The gained results indicated that Sakha-1 gave the highest mean values of straw yield and related traits. While, the cultivar Sakha-2 was exceeded other flax cultivars in seed yield and related traits. Ammonium nitrate followed by ammonium sulfate as N-sources gave the highest straw and seed yield and its related traits when compared with urea. Thus, the recommendations of this study are cultivating Sakha-2 variety and fertilized by ammonium nitrate as N-sources.
